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@ Base modified nucleosidea. 

® The present Invention relates to the preparation and isolation of 5-positkxi modified uracil nucleosides and 
nucleotides and to their use In the synthesis of labeled oligonucleotides useful as nudelc acid probes. More 
specifically, the present invention provides for Improved methods for the preparation of novel 6-^a uracil 
nucleoside derlvatTves wherein a a-halo-uradl nucleoside is reacted with a bifunctional amine, such as diamines, 
a sulfhydrylamlno compound, or an hydroxyamino compounds, to yield the conrespondrng 5-<a2a-aminoalkyl)- 
uracil nucleoside, S^aza-suifhydrylalkyOuradl nucleoside or 5-(aza-hydroxyalkyl)uracll nucleoside, respectively, 
and for improved methods for the isolation of the products formed. These uracil nudeoside denvatives can be 
used as substrates In a method tor preparing novel labeled oRgonucleotldes of DNA. Reporter groups can be 
attached either before or after the preparation of the ollgcnudectides. These reporter group labeled 
oligonudeotides are especially useful when incorporated into nudeic add probes which readily can be used in 
hybridization studies to form hybrids with either ONA or RNA. 
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BASE MODIFIED NUCLEOSIDES 



BACKGROUND OF THE INVENTION 



5 1. Techni'cai Reld 

The present Invenft'on relates to the preparation and Isolation of 5-posUion modified uracil nucleosides 
and nucleotides and thefr use tor synthesis of labeled oligonucleotides. 

w 

2, Description of Related Art 

Processes for tabefing nucleic acrds have found significant utitity in many procedures used in 
biomedical and recombinant DNA research, Matthews, J^, et al Afial. Biochem. . 169:1 (1988). 

75 Derivatized and/or labeled bases, nucleosides and nucleotide analogs~can be used to make indicator probes 
useful for detecting, monitoring, localizing and/or isolating nucleic acids. Important considerations in the 
preparat'on of nudeic add probes include whether the level of incorporation of a derivatized or labeled 
substance will be sufliciently liigh to allow ready detection of the probe, whether the substance Is readily 
recognized as a substrate by required polymerases during probe manufacture, and/or whether the 

20 corresponding phosphoramidite derivatives can bs used in automated oligonucleotide synthesis systems 
such as those described in Van Brunt, J., Big/Tech . 3:775 (1S85) and in Haralambidis. J., et al Nudeic 

Adds Res. , 15:4857 (1987). 

Although a variety of methods have been described to obtain chemicaliy modified bases, nucleosides, 
and nucleotides, some of itiese methods are not amenable for use in the preparation of labeled nudeic acid 

35 probes. See for example. Friedland, M., et al Biochem. Biophys. Acta. , 51:148 (1961); Trayer. I. P., et al 
Biochem. J. , 139.-609 (1974); Dale. RM.K.» et al Biochem. , 143447 (1975). A number of preparative 
methods havo rosultGd in derivatives having a site of unsaturation immediately adjacent to the pyrimidlne 
nucleus. These methods therefore require another step to reduce the site of unsaturation. See for example, 
Bergstrom. D.E., et al J, Anrv Chem> Soc. . 98:1587 (1976); Sergstrom, D.E.. et al J. Am, Chem. See. , 

30 100:26 (1978); Bergstonm, D.E., J. Org. Chem. , 46:1432 (1981); and. Robins, fflTj,. et "3 TT Org. CherrT , 
48:1854 (1983). See also, L^ger. P.R., et ai .. P.NAS. , 78:6633 (1971); Saito, L J. Org. CRem. , 51:5148 
(1986); and. Hampton, A., et al J. Med."5hem. , 22:621 (1979). 

Ruth and co-workers fJablonski. E„ et al Nudeic Adds Res. , 14.*611 5-6128 (1986): Ruth. J.L., DNA , 
3:123 (1986): Ruth, J»U et al ONA , 4:93 (1985); and Jablonski, E., et ai DNA . 5:89 (1986)rhave 

36 reported C-5 substituted" deoxy uridine compounds which can be Incorporated internally into an 
oligonucleotide. For example, sulMthuted uracil and cytosine nudeoside analogs, with a linker-arm of from 
four to nineteen atoms Jn length attached at C-S. were descrllsod in Ruth. J.L., 4th Annual Congress for 
Recombinant DNA Research, DMA . 5:123 (1986), The linker arms tenminate in chemically reactive 
functionalities (primary amines, carboxyllc add) not normally found in DNA. These derivatives, wore 

40 prepared by reacting methyl acrylate with 5- chkM'Qmercuri-2'-deoxyurtdlnG under LlaPdCI-i catatysts to form 
5-(me{hyi acrylyl)-2 -deoxyuridine which Is then hydrolyzed. The resultant add Is then reacted with a 
diamine. The oDgonucleotides obtained reportedly kinased normally and were hytiridized to target plasmid 
DNA with no discernible difference relative to unmodified probes. Oligomers further modrfied by the 
attachment of non radioactive reporter groups such as fhjoroscefn, dinitrobenzer^e, or biotin. still kinased 

4s normally end exhibited little If any change in hybridization selectivity or strength. 

JablonsWs E., et al DNA , 5:89 (1986) described a method requiring a minimum of three steps for the 
linkage, to aikaKne phosphatase and several other enzymes, of 5-substituted, amino-terminated thymidines 
in oligonucleotldBS. 

Despite these known methods, there continues to exist a need in the art for a method for preparing a 
50 variety of modified bases, nucleosides and nucleotides which are stable to mild electropWtes and 
nudeophiles, which are relatively simple and cost-effident to prepare, whteh require a mU^imum of syntfielic 
steps to prepare, wt^ch retain their biological activity as substrates for RNA and/or DNA poiymerase and 
which will give multiple labeling upon incorporation into digonucleotldes. 



2 
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BRIEF DESCRIPTON OF THE DRAWINGS 

Figure 1 shows the structure of 5-(1-aza-7-aminoheptyl)-2^-d80xyuriclin©; ^ 
5 Figure 2 shows the structure of 5-(1-a2a-7-aminoheptyl)-2'-deoxyuridine-5 -triphosohate; 

Figure 3 shows the structure of 5-(1-a2a-5.l0-dioxa-13-amlnotridecyl>-2 -deoxyurldine; 

Figure 4 shows the structure of 5-(-aza-5.10 dioxa-13-aminotridecyl)-2'-cteoxvuridine-5 -triphosphate: 

ngure 5 shows th© structure of 3-(4-[N-(3-sulfopropyl)-N-[N -(3-sulfopropyl)acridin-9-y!carbonyrh 

6ulfonamido]phenyl)pfoptonlc acid (SSC acridine); 
10 Figure 6 shows the structure of 3-{4-lN-<a-isopropyl)-N-[N -(3-melhyl)acrldin-9-y(cartx)ny1]sulfonarT^ido]- 

phenyi)propionic add (MIC acridine); 

Figure 7 shows the structure of 3-{4-[N-(3-isopropyO-N-[N -(3-sulfopropyl)acrldin-9-ylcarbonyr|- 
sulfonamldo]phenyl)prcpionic acid {SIC acridine); and 

Figure 8 shows the structure of 5-(1-a2a-7I3-(4-[N-{3-sulfopropyl>-N-tN H3-sulfopropy!-)acridin'9- 
16 ylcarbonyl]sulfonamido]ph6nyl)proplonamido]heptyI)-2'-deoxyuridine-5 -triphosphate. 

BRIEF SUMMARY OF THE ItWENTlQN 

20 The present invention rotates to the preparation and isolation of 5-position modified uracil nucleosides 
and nucleotides and to their use in the synthesis of labeled oligonucleotides useful as nucleic acid probes. 
More specifically, the present invention provides for improved methods for the preparation of novel 5-aza 
uracil nucleoside derivatives wherein a 5-halo-uracil nucleoside Is reacted with a bifunctional amine, such as 
diamine a sulfhydrylamino compound, or a hydrocyamino compound, to yield the correspondir>g 5-(aza- 

26 aminoall<yl)-uracil nucleoside. 5-(a2a- svilfhydrylalkyl)-uracH nucleoside or 5-(aza-hydroxyalkyl)-uraci[ 
nucleoside, respectively, more generally refen-ed to as terminally reactive aza-alkyi uracil nucleosides. The 
present invention also provides for improved methods for the Isolation of the products formed. 

According to these improved methods, the 5-halo-uradl nucleoside can be SnodOHiracll nucleoside. 5- 
bromo-uracil nucleoside, or B-chloro-uradl nucleoside. The bifunctional amine can be a straight or branched 

30 chain, and is of the general formula: 

H2N-(CH2)u[(CH2)vO(CH2)^M(CH2)/XCH2)wWCH2),-T 

wherein: 
u Is 1 to 20, 
V is 1 to 5. 

35 W Is 1 to 5, 

X Is 0 to 1 , 
y is 0 to 5, 
z is 0 to 20: and 

the sum of u, v. w, y, and z Is 5 to 20; 
40 T is -CH2A, -CH-{(CH2)r/^)2. or -C «CH2)„A)a; 
n is 1 to 4; and 
A is NH2, SH. or OH: 

Preferably, the bifunctional amine is of the formula: 
NH2(CH2)3-0-(CH2)c-(HCH2)2-NH2. 
45 and NH2(CH2)6NH2. „ , „ 

Methods are also provided by the present Invention wherein the terminally reactive aza-alkyl uracil 
nucleosides are further modified through the addition of reporter groups attached via a condensation 
reaction with the free amino, sulfhydryl, or hydroxy! group at the 5-position of the pyrimidine ring, (n 
general, the reporter group can be any label capable of providing a detectable signal. The label can be any 
50 of the various tyiDes of signal producing species. 

These uracil nucleoside derivatives can be used as substrates in methods, including automated 
methods for preparing labeled oligonucleotides of DNA. Briefly, both a template ot the DMA molecule to be 
copied and a primer are provided, the primer is annealed to the template, four substrates, namely, the four 
deoxynucleoside s'-trlphosphates (dNTP). dATP. dGTP. dCTP and dTTP, are added, and the prinner is 
55 extended using DNA polymerase to fonm the oligonucleotides. The uracil nucleoside derivatives of the 
invention can be advantageously substituted for dTTP. 

In the automated method for preparing oligonucleotides, a largely conventiorral methodology of solid 
phase phosphoramidite chemistry (Beaucage & Caruthers. Tejrahedron Letters . 22(20>:1 859-1 862 (1981) 
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can be utilized* Briefly, fcur substrates, namely dA (deoxyadenosine), dQ (d&oxyguano^ne), dC 

(deoxycytidine) and dT (thymidine) are suitably protected; the 5'-dimethoxytrttyI s'-bete-cyanoethyl- 

phosphoramidlte derivatives ot the four substrates are synthesized; the derivative of one of the four 

substrat s. corresponding to a particular base of the desired DNA sequence of the oligonucleotfde, is added 
5 to a solid phase bound DNA molecule by dissoMng the derivative in an anhydrous solvent; the resultant 

adduct is wrashed with organic acid; and the next nucleoside derivative is added. The uracil nucleoside 

derivatives of the invention can be advantageously sul^stituted for cTT. 

(n boUi Oie manuai and automated method for preparing labeled oligonucleotides, tfie reporter groups 

can be attached either before or after the preparation of the oligonucleotides. The reporter groups are 
to attached by condensing the reactive terminus of the terminally reactive aza-alkyi uracil nucleoside 

derivatives with the reporter groups. These reporter group labeled oligonucleotides are especially useful 

when incorporated into nucleic acid probes which readily can be used In hybridization studies to form 

hybrids vi^ith either DNA or RNA. 

Also provided by the invention are novel compounds wherein tfie 5-position of the pyrimidine base 
15 nucleus Is substituted with a Wfunctional amine. Spectfically. these uracil nucleoside derivatives are of the 

formula: 

P-S-U-N-R 

wherein: 

P is a member selected from the group consisting of hydroxyl, monophosphate, cfiphosphate and 
20 triphosphate; 

S is a member selected from the group consisting of furanoses, pyranoses, cyclopentane derivatives, 

cyclohexane derivatives and straight or branched chain aikane derivatives of from 2 to 6 carbon atoms; 

U is uracil; and 

R is of tine formula: 
25 -<CH2U(CHa),0<CH2)^]J(CH2)vOCCH2)w]y(CH2)^-T-B 

wherein: 

u is 1 to 20, 

V is 1 to 5, 

w is 1 to 5» 
30 X is 0 to 1 , 

y is 0 to 5, 

z is 0 to 20: and 

the sum of u, v, w, x, y, and 2 is 5 to 20; 

T is -CHaA. -CH-[(CH2)nA}2. or -C-I(CH2)cAh: 
35 n is 1 to 4; 

A is NH. S, or O; and 

B is H or a reporter group. 

NoveH reporter group-labeled oligonucleotidDS aro also presented by the present invention Including 

oligonucleotides prepared by polymerization of reporter group labeled nucleotide triphosphates, as well as 
40 ex post facto labeling of oligonucleotides with reporter groups. The compounds of the invention also have 

polentiat uses as nucleic acid probes, as in*vivo bacterial enzyme inhibitors and as anti-viral agents. For 

example, the compourKls may be administered as uridine analogs in an amount effective to treat bacterial 

or viral infections. 

Other aspects and advantages of tt^ present Invention will be apparent upon consideration of the 
45 tollov^'jng detailed description thereof which includes numerous illustrative examples of the practice of \he 
invention. 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention Includes a method for preparing a uracil nucleoside derivative of the fonmula: 
S-l>NH-R 

wherein S is a member selected from the group consisting of furanoses, pyranoses, cydopentane 
55 derivatives, cyclohexane derivatives and straight or branched chain atkane derivatives of from 2 to 6 carbon 
atonns; U is uracil; and R is of the formula: 
-(CH2)J(CH2).O(CH2)wlx[(CH2)vO(CH2)«]y(0H2)z-T 
vyherein: 

4 
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ij is 1 to 20, 

V 15 1 to 5, 

w is 1 to 5. 
X Is 0 to 1 . 
5 y is 0 to 5, 

z Is 0 to 20; and 

the sum of u, v, w, x» y. and z is 5 to 20; 
T is -CH2A. -CHK(CH2),^]2. or -C-{<CH2),vAb; 
n is 1 to 4; and 
10 Als NHs.SH. or OH; 
comprising the steps of: 

a) reacting a 5 halo uracil nucleoside with a btfunctional amine of the formula: 

H2lVl-<CH2)u[(CH2)vO(CH2)w]x[(CH2),0(CH2)w]y(CH2)^-T 

wherein: 
;5 u is 1 to 20, 
V is 1 (o 5. 
w is 1 to 5, 
X is 0 to 1 . 
y is 0 to 5, 

20 2 is 0 to 20; and the sum of u, w, x, y. and 2 is 5 to 20; 
T Is -CH2A. -CH-[(CH2)«Al2, or -C-[(CH2)„A]3; 
n is 1 to 4; Eind 

A is NHa, SH, or OH whereby a reaction mixture is formed containing a 5-aza uracil nucleoside 
derivative; and 

2ti b) Isolating from said reaction mixture said S-aza uracil nucleoside derivative. 

A reporter group, or signal generating label, may be optionally attached to the free amino, sulfhydryl, or 
hydroxyl group at the 5 position of the uracil base. Ttie number of atoms in the carbon chain of the 
bifunctional amine generally depends on the particular reporter group attached. The amine chain must be 
long erK)iigh to avoid interference between the reporter group arKl the nucleic acid to be hytwidized. The 

30 maximal values for u, v, w, x, y. z and n are determined by solubility considerations, namely as the sum of 
u + 2 increases, the chain becomes more waxy and less water soluble and Is therefore less useful In the 
present invention. To ensure adequate water solubility and fluidity 0I the Chain, the ratio of the number of 
-OCH2-9roup8 to the number of -CH2- groups, when the sum of u and z is 7 or greater, should preferably 
bo 1 to 5 such that the chain Is hydrophilic and wherein the sum of u. v, w. x, y» 2, and n is such that the 

35 chain length of the moleculo is from about 11 to about 20 Angstroms. 

It is envisioned that various bifunctional amines other than ttie diamines described can also be utilized 
in the present Invention. Although the ^eferrod bifunctional amines are linear terminal diamines, such as 
1.6-diamln6 hexane and 4.9-dloxa-1,12-diaminododecane and heteroblfunctional amines, such as 6-amlno-1- 
hexanol and B-amlno-1-hexanethiol. il is not intended to preclude polyfunctional amines, such as tris-(2- 

40 aminoethyJ) amines, or branched chain polyemines. such as bi5-(2-aminoethyl)-N-<ethanethiol>-amine. or 
tri5-N'.N',N'-trimethyl-(2-amino ethyl)-amin&. and the like, or any other bifunctional amines, from t>eing 
included in the scope of the present Invention. 

Various uracil nucleosides, represented as "S-U" in the formula "S-U-NH-R" above, other than uridine 
and deoxyurtdine. can also ba utilized in the present invention. Forms of sugars useful in the present 

-^5 invention include the five-membered ring furanoses and the six-meml>ered ring pyranoses. Although the 
preferred nucleosides are uridine and deoxyaridine, other nucleosides such as 2\3'- dideoxy uridine, 
arablnosy [uracil and 2'-deoxyarabinosyluracil are useful according to the invention. In addition. It is not 
Intended to preclude other ring structures known to those skilled In the art. such as N-1 -(hydroxy 
cyclopentyl) uracil, or heterosubstiluted rings, as weli as open chain sugar derivatives, such as 

60 (CH20CH2CH20H) uracil, from being included wfthin the scope of the present invention. It is further 
contemplated that the corresponding nucleotides, including monophosphates, cfiphosphates and 
triphosphates of the above-nr^ntloned uracil nucleosides, can also be utilized In the present invention. 

The present invention also provides for improved mettwds for isolating these 5-aza uradl nucleoside 
derivatives wherein the initial products formod from the reaction of the base or nucleoside with the 

65 bifunctional amine are applied to a sized, analytical grade, cation exchange column, for example AG 60W- 
X8 (NH* form) (BioRad Laboratories. Richmond, CA], a sulfonic add functional group resin, and the column 
Is eluted with a basic tHjffer, such as ammonium hydroxide. 

In addition, it is contemplated thai Ion exchange resins, which vary in the amount of cross-linking, can 

5 
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also be utilized to isolete tfie 5-aza uracil nucleosfdes of the Invention. For example, resins other than Blo- 
Rad AG 50W-XB, such as Bio-Rad AG 50W-X4 will be effective in the methods of the invention. In addition, 
resins with alternate types of counter-ions can also be used in conjunction with the correspondingly 
a?)pnopnate concentration of basic buffer nesded to elute the nucleosides. For example, the H form of the 
e resin BIo-Fted AG 50W-X8 can be used instead of the NHi fonri. Similarly, baste buffers other than 
ammonium hydrowde, such as ethylene diamine, can also be used for the eiution of the uracil nucleosides 
of the invention from the ion exchange resin. 

The present invention further provides for methods for the phosphorylation of the 5-aza uracil 
nucleoside compounds wherein a phosphate group is attached to the 5 carbon of the sugar or other ring 
10 structure by a pfiosphoester linkage to provide corresporKiing monoptrosphates. diphosphates and 
triphosphates of the S-aza uracil nucleosides. Michelson. A.M., The Chemistry of Nucleosides and 
Nucleotides . Academic Press, New York, 1 963. ~ 

Additional methods provide where the terminally reactive aza-alky! uracil nucleosides are further 
modified through the addition of reporter groups attached via a condensation reaction with the free amino, 
16 sulfhydryJ. or hydroxyi group at the 5-position of the pyrimidine ring. 

The reporter group can be any label capable of providing a detectable signal. In preferred embodi- 
ments, these reporter groups include fluorescent compounds, such as fluorescein and rhodamine; 
chemiluminescent compounds, such as acrtdines and luminols; non-radioactive isotopes such as europium, 
and metal clielators such as ethylenediamine tetra acetate and dielhylenetriamine penta-acetetG, for timc- 
20 resolved fluorescence; radlometals; enzymes, such as alkaline phosphatase^ acid phosphatase, beta- 
galactosidase. horseradish peroxidase, and the like; and liposomes. Alternatively, the reporter group can be 
one component of a two-component signal producing system, the other component being attached to a 
signal producing species. For example, hapten/labeled anti-hapten systems, such as a biotin/labeled anli 
bJotin system wherein the reporter group is blotin, can be used. Other two-component signal producing 
26 systems, such as antigen/labeled antibody systems can also be utilized. For example, fluorescein or digoxin 
can be utilized as the reporter group in combination with labeled anti-fluorescein or anti-digoxin, respec- 
tively. 

In addition, reporter groups other than those descritjed above can be useful in the present invention. 

Also provided by the invention are novel compounds whiereln the 5-posrtion of the pyrimidine base 
30 nucleus is substituted wifrj a bifunctional amine. Specifically, these uracil nucleoside derivatives are of tfie 
formula: 
P-S-U-NH-R 
wherein: 

P is a member selected from the group consisting of hydroxyi, monophosphate, diphosphate and 
36 triphosphate; 

S is a member selected from the group consistir^g of furanoses, pyranoses, cyclopentane derivatives, 

cyclohexane derivatives and straight or branched chain alkane derivatives of from 2 to 6 carbon atoms; 

U Is uracil; and 

R is of the formula: 
40 -(CH2)uKCH2)vO(CH2Xr]x[{CH2)vO(CH2)w]y(CH^)x'T-B 

wherein: 

u is 1 to 20, 

V is 1 to 5, 

w is 1 to 5, 
46 X is 0 to t, 

y is 0 to 5, 

z is Q to 20; and 

the sum of u, v, w, x, y, and 2 is 5 to 20; 
T is -CH2A.-CH-[(CH2)rAl2, or -C-[(CH2)r,A]3; 

50 n is 1 to 4; 

A is NH, S. or O: »id 

B is IH or a reporter group. 

These novel compounds, such as 5-(l-a2a-7-aminoheptyi)-2'-deoxyuridine: and 5-(1-aza-5,10-dioxa-l3- 
amirK)trldecyl)-2'-deoxyuridine; and their respective 5'-triphosphates may be further derivatized by attaching 

65 reporter groups, including fluorescent compounds, chemiluminescent compounds, metal chelators, en- 
zymes, biotin and liposomes, to the free amino, hydroxy!, or sulfhydryl group at the 5-position to yield, for 
example, 5-(l-a2a-7-Huorescetnthioureaheptyl)-2'-deoxyurkilne-5' -triphosphate; 5-<1 -aza-7-{3-(4-{N-{3-sul- 
fopropyI)-N-[N'-<3-sulfopropyi}acridin-9-ylcartx>nyl]sulfonamido]phenyl) proptonamkfc)]heptyl)-2'- 

6 
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deoxyuridine-s'-triphosphate; and 5-{1 -aza-S.IO-dloxa- 1 3-tIuoresceinthioureatridecyl)-2'-deoxyuiidine-5 - 
triphosphat . Preferred compounds of the invention include: 5-(1-a2a-7-aminohGpty!)-2 -deoxyuridine-S - 
triphosphate; 5-<l -aza-7-f uorescelnthiourGaheptyl)-2'-deoxyuridine-5'-trtphosphate: 5-(i-az8-5.1 0-dloxa-13- 
aminotridecyl)-2-deoxyuiidine-5 -triphosphate; and 5-(1-eza-7-^3-{4-[N-C3-sulfofiropylhN-[N -t3 suHopropyl)- 

5 acridin-&-ylcarbonyllsulfonamldo]phenyl)propionamidolheptyl)-2 -deoxyurldlnG-5 -triphosphate. 

The following examples illustrate pracUce of the invention by which the S-poslHon of a uradi nudewjslde 
can be modified to provide a spacer arm to which reporter groups can be readily attached. Example 1 
relates to the modification of deoxyurtdine at the 6-positlon by providing an aminohexylamlno spacer arm to 
form 5-{1-aza-7-aininoheptyI)-2'-d80xyuridine; this compound can be phosphorylated to yield 5-(1-a2a-7- 

w aminoheptyl)-2'-deoxyuridine-5'-monophosphate, as in Exampie 2. or 5-(1-aza-7-arnlnoheptyi)-2 - 
deoxyuridlne-s'-triphosohate, as in Example 3. In Example 4, the M1-a2a-7-aminoheptyl)-2 -deoxyurldlne- 
5 -triphosphate of Example 3 is further derlvatized by adding a reporter group, fluorescein isothiocyanate. to 
the free amino moiety to form the corresponding 5-(l-aza-7-fluore5C8inth[our9aheptyl)-2 -deoxyurldine-S - 
triphosphate. Example 5 reiates to yet another modification of deoxy uridine In which the spacer arm 

15 diamine is 4,9-dioxa-l .12-diaminododecane and the product fomned is 5-(1-Bza-5.10 dloya-13- 
amlnotridecyI)-2'-deoxyurldine; Examples 6 and 7 describe the preparation of the corresponding 5- 
monophosphate and s'-triphosphate derivatives thereof. Example 8 relates to ttie preparation of 
chemiluminescent acridine derivatives and their use as reporter groups to further derivatize the nucleoside 
triphosphate of Example 3 yielding 5-(1-a2a-7-[3-(4-[N-<3-suIfopropyl>-N-[N -<3-suHopropyl)acrldin-9- 

20 ylcarbonyllsuifonamidolphenyl) proplonamldo]heptyl)-2' -deoxy uridine-5 -triphosphate (the dUTP-SSC acri- 
dine adduct). Example 9 reiates to the preparation of a DNA oligonucleottde Incorporating the dUTP-SSC 
acridine adduct of Example B. Example 10 demonstrates the use of the labeled oligonucleotide of Example 
9 as a nucleic add probe. 

The examples which follow are for illustretive purposes only and are not intended in any way to limit the 
26 scope of the invention. 



EXAMPiJE 1 



30 

Preparation of 5-(1-a2a-7-amlnohepty l)- 2''dBoxyuridine: 

To a solution of 1226.5 mg of &-iodo-2'-deoxyuridine in 14 ml of DMF was added 2016 mg of 1,6- 
36 hexanediamlne all at once. The solution was sUrred at 50'C for 19 hours. The solvent was stripped off in 
vacuo , and the residue was thoroughly vacuum dried. The residue was then taken up into water, acidified 
to pH 2 using 1.5 mL of concentrated HCi. and the resultant solution was then applied to a 2.5 cm ID x 7,5 
cm column of AG 50W-X8 ion exchstfige resin. NH4. form. The column was eluled first with 125 mL of waten 
product was then eluted using a step-gradient of 360 mL each of 0.5% and 0.9% ammonium hydroxide. 
40 The UV and nlnhydrin positive fractions which had an R, on silica gel of 0,35 in 50:11:30 (vw) n- 
BuOH:AcOH:H20 were pooled, stripped to solvent dryness and vacuum dried. Elution of ttie residue on a 
50 cm X 3.5 cm ID column of LH 20 (Pharmacia. PIscataway. NJ) using methanol gave 781.6 mg of 5-(1- 
a2a-7-aminoheptyl>-2 -deoxyuridine as shown in Rgure 1, 66% yield. 

EXAMPLE 2 



50 Preparation ot 5-(1-aza-7-aminohep tyl)-2'-deoxyuridine-g'-monopho6phate: 

A 65 mg sample of 5-(1-a2a-7-aminoheptyl)-2'- deoxyuridin© was taken up in 0.32 mL (EtOjsPO. The 
mixture was cooled to 0* C and 36 mtcroliters 0I POCb and 3 microliters of HaO was added The reaction 
mixture was left to stir at 0* C for 2.S h, 35 microliters more PCX^la was added, and the reaction mixture was 
55 left to stir in a 4* C cold room overnight for a total of 24 h. The nucleotide obtained was precipitated by the 
addition of 50 mL of EtrO, The suspension was centrifuged and the supernatant was decanted. The 
centrifuged pellet was taken up into 10 mL of H2O and the resulting green solution was heated in a 70 C 
oil bath for 45 min. and then cooled to room temperature. The solvent was stripped off and the residue was 
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once again dissolved in water and the water again removed. The residue was again taken up with 1 mL of 
water and this solution was appiied to a 5 cm^ column of AG 50W-X8 ion exchange resin made in a 
disposable 10 cm^ ppette. The column was washed with 30 mL of H2O and product was luted with 1% 
ammonium hydroxide (30 mL). After solvent removal, the product was redlssolved In 10 mL of K2O, and 30 
5 mg Lid was added. Sotvem was again removed. LH-20 chromatography (3.5 cm I.D, X 40 cm long column, 
methanol eluenl) gave, upon lyophilization. 42.8 mg of 5- (1-a2a-7-aminoheptyl>-2'-cteoxyuridine-5'-mon- 
ophosphate. 53% yield. 



'0 EXAMPLE 3 



Preparation of 5-( 1'aza"7-aminoheptyl)-2'«deoxyuridjne*5'^phosphate: 

76 

To a suspsnsion of 24.9 mg of 5-<1-a2a-7-aminohBptyl)-2'-deoxyurldine-5'-monophosphate in 4 mL of 
MeOH. prepared according to Example 2, v/as added 24 microliters of NBU3. The nucleotide was 
solubllized over the course of 30 minutes. After removal of the MeOH in vacuo , the residue v/as vacuum 
dried and then taken up into 8:4 mL dioxane:DMF as much as possible. Then 43 microBters of CIP(0){OPh)s 

20 and 49 microlrtofs of NBU3 was added. The reaction mixture was stirred at room temperature for 5 hours, 
during which time the cloudy suspension became a dear solution. The total volume was reduced to about 
0.5 mL and 100 mL of diethyl ether was added to precipitate a sticky gum. The suspension v/as left in an 
tee bath for 1 hour and the supernatant was decanted off. The residue was thoroughly vacuum dried and 86 
mg of (NBUahjsH^PsOz (Sigma. Sl Louis. MO) In 6 mL of pyrfdine vvas added. The mixture was left to stir 

25 at room temperature for 20 hours. The nucleotide pyridmium salt was precipitated by the addition of 90 mL 
of Et20. The precipitate was isolated by centiifugation and taken up into 4:2 mL wat9r:etlianol. Tlie solution 
was adjusted to pH 4 using 6 drops of 10% HCI, and the acidified solution was stin^ at room temperature 
for 4 hours. The solvents v/ere removed by rotary evaporation, and the residue vacuum dried. LH-20 
chromatography (50 cm x 3.5 cm ID. MeOH) gave 19.6 mg of 5-(1-a2a-7-aminoheptyI)-2'-deoxyuridine-5'- 

30 triphosphate as shown in figure 2, 57% yieW. 

HPLC purification of the triphosphate was done under tlie following standard gradient conditions, 
hereinafter referred to as the standard HPLC protocol. 

Row rate: 1.0 mL/mln; Detector: 263 nm; Solvent A: Acetonltrile; Solvent B: 0.1 M HNEt? OAc~; Column: 
microBondapak 0-18 reverse phase (Waters Assocs,, Milford, MA). 

3S 



40 



Gradient Table: 


Time 


%A 


%B 


<mtn) 






0 


5 


95 


5 


20 


80 


35 


50 


50 



Under theso conditions, the alcove -prepared tripfwsphate had a retention time of 8.3 minutes. 

It is also anticipated that modifications of the HPLC purification of the triphosphates of the Invention will 
be similarty effective in the methods of the inventon. Although the preferred column material is hydrophotjk: 
in nature, such as microBondapak 018 reverse phase, and the preferred eluants are acefonitrile and 0.1 M 
so triethyl ammonium acetate. It Is anticipated that other resins such as size e)^c[usion columns (e.g., Superose 
6. Pharmacia. Piscataway. NJ) or ion exchange columr^ (e.g., Mono Q, Pharmacia), atong with the 
appropriate eluents, e.g.. 0.05 M Na^HPO^^O.IS M NaCI for size exclusion and 20 mM Tris-HCI for Ion 
exchange, will be similarly effective in the methods ol the invention. 

65 

EXAMPLE 4 
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Preparation of 5-(1-a2a-7-fluorescointhicureaheptyl)-2^<ieo;<yurldine-5 '-t i1phc>sphat9: 

To a solution oi 1.3 mg of 5-(1-a2a-7-amincheptyl>-2'-deoxyuridine-5'-triphosphale in 1.42 mL of pH 9 
Na»COa solution, prepared according to Example 3, was added 4.26 mg of Ruorescsin isothfocyanat©. The 

s reaction mixture was occasionally swirled at room temperature over the course of 28 hours. The reaction 
was quenched using 2 drops of cone. HCl and a precipitate was seen to form. After solvent removal In 
vacuo , the residue was taken up into 2:1 mL methanol n/valer. The bright reddish-orang solution was then 
applied to a 1^ g LH-20 column made up in the same solvent system. The column was eluted with 2:1 
MeOH:H20 and the slowest-moving fluorescent fraction on TLC (50:11:30 n-BUOH:AcOH:HaO, silfca gel) 

10 was collected, giving 1.1 nr>g of 5-(1-aza-7nuoresceinthioureaheptyl)-2'-deoxyuridlne-5 -triphosphate, 50% 
yield. Under the standard HPLC protocol conditions descrit^ed in Example 3. the product had a retention 
time of 1 1 .09 minutes. 

^5 EXAMPLE S 



so 



Preparation of 5-(1 -aza-S.I O-dioxa-1 3'aminotridecy[)-2'-deoxyuridine: 



A solution of 2.17 mL of 4.9-dioxa-1, 12-dlaminododecane and 906 mg 5-iodo-deoxy uridine in 10 mL of 
DMF was stirred at 50* C lor 22.5 hours. The DMF was stripped and the residue vacuum dried. The residue 
was then taken up in 6 mL H2O and acidified to pH 1 using 26 drops of cone, HCl. The resultant solution 
was then applied to a 2.9 cm I.D. X 7 cm long column of AG 50W->« NH* form and eluted with 150 mL of 
26 water. The aqueous fractions were discarded, and the product was eluted with a step-gradient of 350 mL 
each of 0.5% and 0.7% ammonium hydroxide. The eluate was stripped to solvent dryness, and the residue 
placed under argon and left In the freezer overnighL The reddish residue was taken up with 8-.2 mL 
methanol:H20. and applied to a 50 cm long X 3.8 cm ID, column of LH-20. Elution vwth methanol gave 
359.8 mg of 5-(i-aza-5,l0-dloxa-13-amlnotr[decyl)-2 -deoxyurid'ine as shown In Rgure 3 as a yeltow oil upon 
30 lyophiiization over 3 days: 32.7% yield. 

EXAMPLE 6 



Preparation of 5-0 a2a'5.10-dioxa-13-aminotridec yl) -2'-deoxyuridtne-S' -monophosphate: 

To a suspension of 32.6 mg of 5-(1-aza-5.10-dioxa-13-aminotridecylV2'-deoxyurfdine In 1.0 mLtriethyl- 
phosphate, prepared according to Example 5. was added 21 microliters of P(0)C)3. The reaction mixture 
was stirred at O'C for 2 hours. Then, 21 microliters more PiOyCh was added, and stirring was continued in 
a 4' C cold room for 21 hours longer. The nucleotide was precipitated by addition of 24 mL of ether. The 
precipitate was isolated by centrifugatlon. and the solids were taken up Into 10 mL of water. The solution 
was placed in a 70* C wster bath for 45 min. The solvents were stripped off and the residue was vacuum 
dried. The residue was taken up into 2 mL of water and the solution was applied to a 4 mL column of AG 
50W-Xa.NH* form. The column was washed with 32 mL of water, then the product was eluted using 30 mL 
of 1% ammonium hydroxide. After solvent removal, the residue was chromatographed on LH-20 to give 3£ 
mg. 10% of 5-(1-a2e-5,10-dioxa-13-amino-trid©cyl)-2'-deoxyurkline-5 -monophosphate. 



46 



60 



EXAMPLE 7 



Preparation of 5-(1-aza-5.10-dioxa-13-aminQtridecyt)-2'-de o xyuridlne-s'-tr1 phosphate : 

A 3.32 mg samplo of 5-<l-aza-5.10-dioxa-13-aminotridecyl)-2'-deoxyuridine-5'-monophosphate, pre- 
pared as described in Example 6. was suspended into 4 mL of methanol and 15 mL of NBua was added. 
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The suspension was retluxed until a clear solution was attained. The methanol was stripped off and the 
residue was thoroughly vacuum dried and blanketed with argon. The residue was partially dissolved into 4:2 
mL dloxane:DMF arnj 9 microliters of NBu^ folbwed by the addition f 8 microlitBrs of {PhO)2POCI. The 
reaction mixture was stirred at room temp>erature for 4 h. The solvent v/as removed by rotary evaporation to 

5 give a volume of approximately 1 mL The nucleotide was then precipitated using 100 mL ElzO. The 
suspension was cooled In ice for 1 h and the resultant precipitate was isolated by centrifugation. The solid 
was taken up with dioxane and the dioxane was removed via rotary evaporation and vacuum drying. The 
residue v/as taken up into 4 mL of pyridine, and 12 mg of (N 6^3)1 .eH+P^ Or {Sigma. St Louis» MO] was 
added. The mixture was sfinred overnight at room temperature The crude pyridlnium salt was precipitated 

10 vwtfi ether and the supernatant was decanted. "Rie residue was vacuum dried and taken up into 10 mL, pH 
3. aqueous HCi. and stirred at room temperature for 3 h. The solvent was stripp>ed off and the reactksn was 
vacuum dried, placed under an argon atmosphere, and kepi In the freezer until it could be HPLC- 
chromatographed. Under the standard HPLC protocol conditions described in Example 3, the product, 5-<1- 
a2:a-6.10-dioxa-l3-amfnotridecyI)-2'-deoxyuridine-5'-triphosphate, as shown in Rgure 4, had a retention time 

15 of11.5min. 



EXAMPLE B 

zo 

The nucleoside triphosphate of Example 3, 5-(1-aza-7-aminoheptyl)-2'-deoxyuridine-5'-triphosphate. was 
further derivatized with a reporter group comprising a chemilumlnescent acridine derivative. 



26 Preparation of chemiluminescent acridine derivatives: 

Methods for synthesis of chemiluminescent acridine derivatives are disclosed in a co-assigned and co- 
pending patent application U.S. Serial No. 921.079. filed October 22. 1986. whrch is incorporated herein by 
reference. The 3-(4-[N-(3-sulfopropyI)'l^[N'-(3-sulfopropyOacridirh9-ylcarbonyl]sulfonamido]phenyl)p^^ 

30 acW as show.T^ in Figure 5. known hereinafter as SBC acridine. was synthesized as described hereinafter. 
The N-isopropyl, N'-methyl (MIC acrWine) and the N-isopropyl. w'-sulfopropyl (SIC acridine) derivatives as 
shown in Figure 6 and Rgur© 7, respectively, were synthesized in a similar fashion. 

The SSC acridine derivative v/as synthesized by the following method. To a solution of 1773 mg of 9- 
acridine-carboxyiic acid chloride in 10 mL of dry tetrahydrofuran (THF) was added 320 mg of 50% NaH in 

35 mineral oil at room temperature. After the slight amount of foaming subsided, 1719 mg of ethyl 3-(4- 
sulfonamidophenyl)-proplonate was added all at once. A large amount of gas was evolved, and the mixture 
turned brownish in color. The reaction mixture was then placed In a 55* C oil t>ath for 22 hours. The 
reaction was quenched by the addition of 4 mL of water. This turned the green suspension to a yellow- 
brown solution. The solvents were stripped off, and the residue taken up into MeOH. After centritugadon to 

40 remove the NaCI, the solvents were removed. Tfie residue was taken up into 9:1 {vw) CHCla.MeOH bs 
much as possible and the solution was applied to a flash chromatography column made up in the same 
solvent system. Still, W.. 2* . J. Org. Chem, . 43:2923 (1978). Collection of the second colored band 
afforded 2109^ mg of ethyl 3-(4-[N-tN -(3-suifopropyi)acridin-9-ylcarbonyl]suifonamidol)::^enyl)proplonate, 
69% yiekJ. A 925 mg sample of the sulfonamide was thoroughfy dried under vacuum overnight and 6 mL of 

45 pnopanesultone (Aldrich. Mflwaukee. Wisconsin) was added The resultant suspension was heated in a 
140* C oJI bath for 4 hours. TLC analysis (0:1 CHClarMeOH. silica gel) after this time showed that no 
starling material remained. 100 mL of benzene was then added. The resultant suspension was stirred until 
no more product was seen to precipitate. The benzene was decanted off and the crude precipitate was 
once again washed with benzene. 

so The crude material was taken up Into 2:1 MeOHiHaO and applied to a 3.5 cm ID x 50 cm tong column 
of LI+20, Elutk>n with mett>anol arKl collection of the large, yellow-green fluorescent fraction gave 1848 mg 
of a very thtek gum. The entire sample of ethyl 3-(4-[N-(3-sulfopropyl)-N-CN'-(3-sulfopropyi)acridin-9- 
ylcarbonyl]su[fona mido]phenyl)propionate was taken up into 60 mL of 1 M HCI, and the yellow solution was 
refluxed for 4.5 hours. TLC analysis after this time (1:1 MeOHiCHCb) ^wed that no starting material 

55 remained. After soh/ent removal, elution of the caide material on LH'20 p.5 cm ID x 50 cm) using methanol 
afforded 1 066.8 mg of 3-(4-[N-<S-sulfopropyl}4*J-[N'-(3-su!fopropyl)acridin-0-ylcartx)nyll5ulfonamido]^ 
propionic acid. HPLC analysis under standard gradtem protocol conditions, according to Example 3. showed 
the SSC acridine to elute at 11.04 minutes, 

10 
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The MIC acridine and SIC aciidlne derivatives were synthesized In a similar fashion. MIC acrldine was 
prepared from the ruction of N methyh9-acridin6 carboxylic acid chloride. Itself prepared from 9-acridlne 
carboxyltc add and methyl trifluoromethane sulfonate, wrth ethyl 3-<4-phenylsulfonyllsopropylamide) pro- 
pionate. SIC ecridine was prepared from the reaction of 9-acridine cartxjxylic add chloride with ottiyl 3-(4- 
phenylsulfonylisopropylamido) propionate, followed by reaction with propanesullone. 



Preparation of dlfTP acridlne Adducts : 

The nucleoside triphosphate of Example 3, 5-(1-aza-7-aminoheptyl)-2'-deD>cyuridine-5'-triphosphate, was 
further derivatized by coupling it with BSC acrldine as described hereinafter. In addition, the nudeoside 
triphosphate of Example 7 was coupled with BSC acridlne. The coupling procedure was also used to couple 
the nucleoside triphosphates of Example 3 and Example 7 with the MIC acrldine derh^atlve as well as the 
SIC acridJne derivativo. 

The reporter group-labeled nudeoside triphosphate 5-(1-aza-7-J3-<4-tN-(3'SuKo5>ropyl)-N-tN -(3-sul- 
fopropyl)acridin-9-yIcartjonyl]sulfonamido]ph€nyr>propionamidolheptyr)-2 -deoxyuridine-6 -triphosphate (also 
referred to as the 5-(1-a2a-7-aminoheptyl)-2'-dUTP-SSC acridlne adducf). as shown in Figure 8. was 
synthesized by the following method. To a solution of 5-0 mg of 5-{l-82a-7-aminoheptyl)-2 -deoxyuridrne-5 - 
triphosphate and 30.6 mg of SSC-acridine in 10 mL of DMF was added 7 mg of dicyclohexylcarbodnmlde 
and 4 mg of N-hydroxysucclnimtde. The reaction mixture was stirred at room temperature for 3 hours. TLC 
analysis (50:11:30 n BUOH:Ac0H:H2O) after this time showed that no starting triphosphate remained. After 
solvent removal, the residue was ©luted down an LH-20 column using methanol. The fractions which 
remained at the origin on TLC were pooled and the material of the pooled fractions were purified by HPLC. 
Under the standard gradient protocol conditions, the M1-a2a-7-amino-heptyl)-2 -dUTP-SSC acridine adduct 
had a retention time of 10.4 minutes. 



EXAMPLE 9 



Preparation of a DNA oligonudeotld e Incorporating 5-(1-a28-7-aminoheptyl)-2 -dUTP-SCC acridlne adduct: 

The 5-(l-aza-7-aminoheptyl)-2'-dUTP-SSC acridine adduct of Example 8 was incorporated into a DNA 
chain by the Klenow fragment of DNA polynnerase as follows. A solution of 250 ng M13mp18 DNA (New 
England Biolabs. Beverly, MA). 2.5 ng M13 primer (New England Blolabs. #1202), and 1 mlcrofiter 10-X 
buffer (300 mJVl NaCI. 100 mM blsTris. 100 mM MgCb. pH 6.5) in 9 microilters water was boiled for 3 
minutes; hybrid lorrrjation was initiated in a 6S*C bath for 1 hour. After the solution was chilled to 0 C, 500 
pmol each of dGTP and dCTP (Pharnr^acia. Piscataway. NJ) were added, followed by 500 pmol of the 5-(1- 
aza-7-aminoheptyl>-2 -dUTP-SSC acridine adduct and ^2 pmol of alpha-P-32 ATP (Amersham, Arlington 
Heights. IL). Enzymatic incorporation was initiated by addition ol 5 U of Klenow fragment The reaction was 
allowed to proceed at 15* C for 2 hours and was quenched by the addition of 1 microliter of 03 M EOT A. 
The degree of incorporation v^as checked by descending paper chromatography on DEAE cellulose, 
developed witfi 300 mM ammonium formate. Autoradiography of the paper showed definite incorporation of 
the nucleotide Into the DNA. as there was a great deal of radioactivity at the origin thereby demonstrating 
that the DNA polymerase accepted the oligonucleotide triphosphate as a bona fide substrate. 



ExarT^ple 10 



Use of a Reporter Group Labeled Oligonucleotide as a Nucieic Add Probe: 

To a solution of 1 ng double-stranded M13mpl8 DNA in 200 microliters of 50 mM NaHzPO*, pH 
6-8^00 mM NaCL/0.1% sodium dodecylsulfate, was added 50 ng of the Klenow extended, labeled 
oligonucleotide, described in Example 9. dissolved in 100 microliters hybridization buffer. The solution was 
boiled for 5 mtn, then hybridized at 65* C overnight The solution was then applied to a 17.5 cm long X 6 
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mm I.D. column of CL-4B (Pharmacia, Piscataway. NJ). equilibrated in hybridization buffer. Elution of the 
column with 850 microBters buffer and coiiection of the eluate gave the hybrid of Interest This material was 
radioactive and chemiluminescent positive, affimiing iiybrid formation. 

The foregoing illustrative examples relate to the preparation and isolation of 5-posttion modified 
6 nucleosides and nucleotides and ttierr use in the synthesis of and use of oligonucleotides. While the present 
invention has been described in terms of specific methods and compositions, It Is understood tiiat variations 
and modifications will occur to those skllted tn the art upon consideration of the present invention. 
Accordingly it is Intended in the appended claims to cover all such equivalent variations which come within 
the scope of Xhe invention as claimed. 



Claims 

1. A method for preparing a uracil nucleoside derivative of the formula: 
16 S-U-NH-R 
wherein: 

S is a member selected from the group consisting of furanoses, pyranoses, cyclopentane derivatives, 

cyclohexane derivatives and straight or branched chain alkane derivatives of from 2 to 6 cari;>on atoms; 

U is uradi; and 
20 R is of the formula: 

-(CH2)J(CH2)vO{CH2)^U(CH2)vO(CHa)Jj^CH2)^-T 

wherein: 

u is 1 to 20. 

V is 1 to 5. 
25 w is 1 to 5, 

X Is 0 to 1 , 

y is 0 to 5, 

z Is 0 to 20; and 

the sum of u. v. w, x. y. and z is 5 to 20; T is -CHaA. -CH-ICH2)nAl2, or •C-E(CH2)aA]2 ; 
30 n is 1 to 4; and 

A is NH;?, SH, or OH; 
comprising the steps of: 

reacting a B-halo-uracil nucleoside v/lth a bffunctlonal amine of the formula: 

H2N-<CH2)J(CH2)vO<CH2)„]xC{CH2)vO(CH2U/CH2),-T 
3S wherein: 

u is 1 to 20, 

v is 1 to 5, 

w is 1 to 5, 

X is 0 to 1 , 
40 y is 0 to 5. 

z Is 0 to 20; and 

the sum of u. v, w, x, y, and z is 5 to 20; 
T is -CH?A.-CH-[(CHi!)„Ah, or -C-iiCH^hAh : 
n is 1 to 4; and 
45 A Is NHz. SH. or OH; 

whereby a reaction mixture is formed containing a S-aza uracil nudeosld© derivative: and 
isoiatirrg from said reaction mixture said 5-aza uracil nucleoside derivative. 

2. The method according to claim 1, Yvherein S-U is selected from the group consisting of uridine, 2- 
deoxyuridine, 2' ,3 -dideoxyuridlne, 2'-deDxyarablnosy [uracil, and arablrrasyluraci!. 
50 3. The metfwd aocordir^ to claim 1, wherein R is selected from group consisting of: 
-(CH^)3-O^CH2)♦-0-(CH2)^-NH2. and 
-<CH2)6NH2:and 

wherein said 5-halo-uracil nucleoside is a member selected from the group consisting oh 
5-lodo-uracil nucleoside, 5-bromo-uracil nucleoside and 5-chloro-uracli nucleoside: and 
6S vxtierein said bifunctional amine is a diamine selected from tfie group conststing of: 
NH2(CH2)3-0-CH2)*-0-(CH2)3-NH2. 
and 

NH2(CKs)eNH2. 

12 
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4. A method for preparing a uracil nucleotide derivative of the formula: 
P-S-U-NH-R 

wherein: 

P te a member selected irom the group consisting of a monophosphate, diphosphate, and triphosphate: 
5 S Is a member selected from the group consisting o1 furanosos. pyranoses. cyclopentane derivatives, 
cyclohexane derivatives and straight or branched chain alkane derivatives of from 2 to 6 carbon atoms; 
U is uracil: and 
R is of the formula* 

-(CHa)u[(CH2)vO(CH2)wlxC(CH2)vO(CH2)wly(CH2>,'T-B 
fo wherein: 
u rs 1 to 20. 

V is 1 to 5, 
w is 1 to 5, 
X Is 0 to 1 . 

16 y is 0 to 5« 

z is 0 to 20: and 

the sum of u. v» w, x. y, and z is 6 to 20; 
T ]s -CHaArCH-nCHzMb. or -C-UCH2)„Afe; n is 1 to 4; 
A is NH. S, or O; and 
£0 B is a reporter group: 
comprising the steps of: 

reacting a 5-halo-uracll nuclooside wrth a bihjnctionai amine of the fonmula: 
H2N-(CH2)u[(CH2)vO(CH2)wlxI(CHa)vO(CHa)w]y(GH2)z-T 
wherein: 
2S u ts 1 to 20. 

V is 1 to 6. 
w is 1 to 5. 
X Is 0 to 1 . 
y is 0 to 5. 

30 z is 0 to 20: and 

the sum of u. v. w, x. y, and z is 5 to 20; 
T Is -CH2A.-CH-t(CH2)„Al2, or-C-[{CH2)nA]5; 
n is 1 to 4; 
A is NH2, SH, or OH: 

35 whereby a first reaction mixture is formed containing S-aza uracii nucleoside derivative with a reactive 
terminus; 

phosphorylating said 5 aza uracil nucleoside derivative to form a 5-aza uracil nucleotide derivative; 
condensing the free amino, sutfhydryl or hydroxyl group of said reactive terminus of said S-aza uracil 
nucleotide derivative with a reporter group, whereby a second reaction mixture is formed containing a 
40 reporter group labeled S-aza uracil nucleotide derivative; and 

isolating from said second reaction mixture said reporter group labeled 5-aza uracil nucleotide derivative. 

5. A uracil nucleoside derivative of the formula: 
P-S-U-NH-R 

wherein: 

45 P is a member selected from the group consisting of hydroxyl. monophosphate, diphosphate and 
triphosphate; 

S Is a member selected from the group consisting of furenoses. pyranoses, cyclopentane derivatives, 
cyclohexane derivatives and straight or branched chain alkane derivatives of from 2 to B cartoon atoms: 
U is uracil; and 
60 R is of the formula: 

-{CH2)u[(CH2>,0{CH2)wt[(CH2)vO(CH2)w]y(CH2)3-T-B 

wherein: 
u is 1 to 20. 

V is 1 to 5, 
&5 w is 1 to 5, 

x is 0 to 1 . 
y Is 0 to 5. 
z is 0 to 20; and 
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the sum of u, v, w, x, y, and z Is 5 to 20; 
T is -CH2A,-CH-((CH2)„A32. or -C-CCCHajnAhr 
n is 1 to 4; 

A is NH, S, or O; and 
5 B is H or a reporter group. 

6. The uracil nucleoside derivative of claim 5, wherein P is triphosphate, artd wherein B is a reporter group 
selected from the group consisting of fluorescent compounds, chemiiuminescent compounds, non-radioac- 
tive isotopes, metai chelators, biotin. antigens, enzymes and liposomes. 

7. The uracil nucleoside derivative of claim 5. wherein S-U is selected from the group consisting of uridine, 
to 2'-deo>cyurldine, 2 . 3'-dideoxyuridlne. z'-deoxyaralDinosyluracfl, and ^abinosyluracii; and wherein R is 

selected from the group consisting of: 
-{CH2)a-0-<CH2)4-0-(CH2)a-NH-B, and 
-(CHaHNH-B. 

a The uracil nucleoside derivative of claim 5. wherein P-S-U-NH-R is a member selected from the group 
16 consisting of: 

5-(1'aza-7-amfnoheptyl)-2'-deoxyuridine, 5-{1-a2B-7-aminoheptyl)-2'-deoxyuridine-5'-tr(phosphate, S-Jl-aza- 
7-fiuoresceinthioureaheptyl)-2'-deoxyuridine'5'-triphosphate, 5-(1-aza-5.10 dioxa-1 3-aminotridecyl)-2 n^eox- 
yuridine. 5-(l-a2a-5,iO-d?oxa-13-aminotridecy)-2'-deoxyuridine-6'-trtphosphate. 5-(1-aza-7 aminoheptyl}-2'- 
dUTP-SSC acridine adduct and 5-<1-a2a-5,10-dioxa-13-amirx3tridecyl)-2'-dUTP-SSC acridine adduct, 
30 9. An oligonucleotide according to claim 5 comprising a uradJ nucleoside derivative wherein said uracil 
nucleoside derivative is a member seiected from the group consisting of: 

5-(1 -aza-Z-aminoheptylhS -deoxyuridine-5 -triphosphate, 5-{1 -aza-7-fluoresceinthioureaheptyl)-2'- 

deoxyurldine-5 -triphosphate, 5-(1-aza-5,10-dioxa-13-aminotridecyl)-2'-deoxyuridine-5'-lriphoqihate. 5-(1- 
a2a-7-amlnohep1yl)-2'-dUTP-SSC acridine adduct arwJ 5-(1-a2a-5,10-dioxa-13-amlnotrldecyl>2'-dUTP-SSC 
25 acridine adduct- 

10. In an automated method for preparing reporter group-labeled oligonucleotides comprising the steps of; 

(a) surtably protecting four substrates, dA, dO, dC and dT. 

(b) synthesizing tfie 5 -dimethoxytrityl-3 -bata-cyano-ethylphosphoramidite derivatives oi said four sub- 
strates, 

30 (c) adding the derivative of one of said four substrates to a solid phase bound DNA molecule by 
dissolving said derivative in an anhydrous solvent to form an adduct, 
(d) washing said adduct with organic acid, 

(e> adding another of the derivgtives of said four substrates synthesized in step (b), wfiereby said 
oUgonucfeotides ere formed, and 
36 (f) labeling with a reporter group said ongonucleotides so formed, the improvement comprising using as 
one of said four substrates in step (a) the uracil nucleoside derivative of claim 5. 
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Fig 5 
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